Study objective -To assess the nature of the relation between health and social factors at both the aggregated scale of geographical areas and the individual scale. Design and setting -The individual data are derived from the sample of anonymised records (SAR) from the census of 1991 in Great Britain, and are combined' with area data from this census. The ecological setting (context) was defined using multivariate methods to classify the 278 districts of residence identifiable in the SAR. The outcome health variable is the 1991 census long-term limiting illness question. Health variations were analysed by multilevel logistic regression to examine the compositional variation (at the level of the individual) and the contextual variation (variability operating at the level of districts) in reported illness. Participants -10 per cent randomised subsample of the SAR who are aged 16 + and are resident in households. Main results -The multi-level modelling revealed that area factors have a significant association with individual health outcome but their effect is smaller than that of individual attributes. The results show evidence for both compositional and contextual effects in the pattern of variation in propensity to report illness. Conclusions -The results suggest generally higher levels of ill health for individuals who are older, not married, in a semi/unskilled manual social class, and socioeconomically deprived (as measured by a composite deprivation score). All individuals living in areas with high levels of illness (which tend to be more deprived areas) show greater morbidity, even after allowing for their individual characteristics. However, within affluent areas, where morbidity was generally lower, the health inequality (health gradient) between rich and poor individuals was particularly strong. We consider the implications of these findings for health and resource allocation policy.
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(JT Epidemiol Community Health 1996;50:366-376) This paper examines some aspects of health inequalities and their associations with socioeconomic conditions in the British population. While most measures of population health demonstrate inequalities in health status, the patterns observed depend on the type of indicator used and the aspect of health it measures.
The measure of health considered here comes from the 1991 census question on longterm limiting illness, which is a self assessed measure of health status. It may be more affected by subjectivity and imprecision than other health measures such as mortality and physiological measures. However, premature mortality can be the result of chronic ill health, and perceived health status is a good predictor of mortality.' Moreover, chronic illness encompasses disabling conditions not usually associated with mortality, and provides a more comprehensive health status measure. Self reported health is also associated with physiological health2 and general practitioner and hospital utilisation.3 The 1991 census measure has been shown to be ecologically associated with mortality rates.45 The census question therefore provides an indicator which is likely to reflect varying patterns of health and health care need. It is of particular interest because it has been collected for all individuals enumerated in the 1991 census, and therefore provides considerable scope for analysis and potential for applications in health planning. This study examines evidence of health inequalities revealed by this measure.
health. That is, similar types ofpeople will have similar health experience no matter where they live. Contextual effects operate where the health experience of a particular type of individual depends not only on his or her own characteristics but also on the area where he or she lives, so that similar types of people have different health status from one part of the country to another. For example, it is well known that, within the UK, there is a northsouth mortality gradient within any given social class, such that northern areas have consistently worse mortality. 714 The evidence of social and geographical differences in the health of resident populations in different parts of Britain comes from a very large literature -see reviews by Britton"5 and Townsend, Davidson and Whitehead.6 Contextual effects are of particular interest to geographers and epidemiologists, since they suggest that place may be germane in some way to the processes which affect health. Broadly, there are two types of approach to the analysis of such effects. One uses tabulations, separate regression analyses or regression analyses with area level variables to make comparisons of associations between health and social conditions in different areas. Another strategy uses multilevel modelling or other techniques to test for the simultaneous effects of both compositional and contextual influences.
Using the tabulation method on data from the longitudinal study, Fox et all6 showed that males in similar categories of class, tenure, and employment had different mortality ratios according to the type of electoral ward (small area) in which they lived. Blaxter" used data from the health and lifestyle survey (HALS) to show that residents in industrial areas typically had poorer health than those in rural/resort areas. Health differences between manual and non-manual groups seemed to be more pronounced in industrial areas. In addition, the north/south divide in health depended upon the type of ward in which individuals lived.
Sloggett and Joshi"8 have also examined individual and area effects on mortality by introducing area variables representing type of area of residence into a regression analysis of individuals. Their results suggest that there is little residual variation in mortality associated with area variables once individual differences are accounted for, although some residual variation seemed to be linked to the north/south divide.
Other studies have examined whether regional setting influences the micro-scale ecological relationships between small area population health and small area social profiles.
Phillimore and Reading'9 examined ward level indicators of aspects of health such as premature mortality and birthweight. Inequalities in health between more and less deprived wards were more pronounced in urban areas than in rural areas.
Eames et al"0 reported that the association between ward level mortality and ward level deprivation depended on which regional health authority the ward was situated in.
These studies provide some evidence to suggest that, for groups ofindividuals with a similar social position or for small areas with a similar social profile, health may vary according to the region and the type of area in which they are living or located. This supports the idea of contextual effects, although in some cases these effects are quite weak. However, some authors""2 suggest that the "tabulation" and separate regression methods of comparing social group differences for different areas are not very efficient strategies to test for contextual effects, and are also possibly biased in neglecting autocorrelation within districts. Hence multi-level modelling, or some alternative, would be more appropriate so that the full "nested" structure of the data can be represented.
Congdon" reports an application of multilevel analysis in an ecological study of ward level health differences (in East Anglia and Greater London) nested within local zauthorities and family health service authorities. Ward level associations between three health indicators and deprivation were tested. This analysis suggested that ward level differences in health were more pronounced in metropolitan suburbs and the inner city than in rural areas.
Other studies have used multilevel modelling with data for individual people at the first level of the model. For example, Humphreys and Carr-Hill" and Duncan and Jones" used the multilevel modelling approach with the HALS data to examine differences relating to four health measures. Most of the differences in health were found to relate to individual variables, although some residual variation appeared to be associated with area level variables.
Gould and Jones" used multilevel modelling to examine the long term limiting illness data collected in the 1991 census. The individuals (level 1) were nested within the sample of anonymised records (SAR) districts (level 2). Again, their health measure was explained mainly by the level one variation but a significant, albeit smaller, area effect remained at level two. The research described here provides a more extended and detailed analysis of the SAR data.
Since health is the outcome of a range of individual behaviours, attributes, and life experience, it is not surprising that most of the studies considered above suggest that individual characteristics are at least as important as geographic context in determining health differences. Indeed, it is probably true to say that individual characteristics "explain" more of the differences in health between people than the characteristics of the areas where they live. On the other hand, most of these studies have shown some evidence that the geographic context has some independent effect on the individual level associations between socioeconomic conditions and health. These contextual effects seem to operate with respect to a variety ofmeasures of socioeconomic position and of health status. Typical contextual effects suggested by the studies reviewed above are as follows:
are associated. Some studies suggest that socioeconomic health inequalities are most striking in the north and west of Britain. * The relationship between health and socioeconomic conditions may also depend on whether the context is rural or urban.'01924 may also reflect contexts in which there are differences in the relationship between individual social status and health. The strongest differences seem to be between clusters which are clearly rural or semirural and those which are urban/industrial. However, it seems likely that these clusters are picking up differences between rich and poor areas as well as between urban and rural areas. This suggests that it might be fruitful to examine three particular dimensions of geographic context for possible effects on health differences; these are urban/rural, rich/poor, and north/south disparities.
Method
A linked data set was established including information on individuals from the SARs from the 1991 census and information on the districts where the individuals lived from data in the 1991 census area files. Multi-level modelling was applied to these data to examine compositional variation (at the level of individuals) and contextual variation (at the level of districts). DATA 442 In order to summarise the complexity of area contexts, multivariate techniques were used to (a) combine information on those dimensions of socioeconomic structure which are likely to be most important for health and (b) develop a typology of districts based on these dimensions which can be used as a basis for assessing contextual variation.28 The analysis was based on a selection of area variables to reflect two of the three key dimensions which were identified above as significant for health inequality and contextual variability: urban/rural and rich/ poor. The third, north/south position, is assessed independently because it is a locational attribute with different characteristics from socioeconomic variables.
The details of the classification procedure are discussed elsewhere.28 To summarise, 25 area variables were selected to represent levels of deprivation/affluence and urbanisation/rurality. The choice of variables was influenced by other work which also aimed to distinguish districts by their socioeconomic structure within these dimensions (for example, by Craig).26 As it was anticipated that many of the variables would be interrelated, the original variables were reduced to eight significant factors through an oblique rotation factor analysis. The advantage of using oblique rotation is that Modelling inequality in reported long term illness in the UK:combining individual and area characteristics show a lower than average SIR. These clusters appear to reflect the better health enjoyed in ited with one more rural and more affluent areas. I association
We also tested the relevance of the area it factors ac-clusters to reported illness using separate lovariability in gistic regression analyses on groups of inescription of dividuals in our sample from the SAR, selected iables which according to the type of area where they were iition of fac-living. Table 4 illustrates some of the results ariable load-derived from these analyses. In this table, the odds ratios for long term illness are compared mary indices with the base case of an individual who is not structure by in social class IV/V, who describes themselves s (using the as ofwhite ethnicity and has a deprivation score ine clusters of zero. (For the method of calculation see, for a "natural" example, Hosmer and Lemshow)."9 The table .cond differ-includes information from separate regressions quares. The for people living in three of the clusters of ture between districts described above, shown here to ile 1(B). The lustrate some of the differences between area of variables types in the strength of association between the average health and other characteristics. The table also Males and females were modelled separately to allow for any gender differentiation of relationships. The multilevel analysis described below used information only on the selected males and females aged 16 to 59. This age range was chosen because health inequalities tend to be more marked for these age groups than for people at older ages.
A two level structure of individuals (level 1) nested within SAR districts (level 2) was adopted. The individual data at level 1 were as described above. The logarithmic form of the deprivation score was used after adding one. The logarithmic form of the deprivation score is used because it yielded greater gain in deviance in the multilevel analysis. The factor scores and the clusters described above were used as alternative ways to characterise the district level (level 2) effect on the illness outcome of residence in different SAR districts. A logistic regression formulation was appropriate, and was applied within a multilevel context; allowance was made for departures the binomial assumption (which turns out to be minimal). In total seven multilevel models are described in the following section.
Results Tables 5A, 6 and 7 show the results of the multilevel models for men and women. These tables include information on models which demonstrate different aspects of the findings from this analysis. The model fit is measured in terms of deviance, or the log likelihood ratio: as the goodness of fit improves, the deviance falls. Changes in fit are thus indicated by reductions in deviance as compared to the simplest model (model 1, described below). The greater the reduction in deviance, the better the fit to the data. The importance of reduction in the deviance from one model to another needs to be interpreted in terms of the statistical significance of the reduction and the information Model 2(B) introduces contextuality in the deprivation effect by allowing the association between health and deprivation (the health "gradient" in relation to deprivation) to vary at the level of districts. The size and significance of the district level intercept variance increases as we pass from model 2(A) to model 2(B), and there is a small but significant gain in goodness of fit: the deviance gain of model 2(B) over model 2(A) is 6-9 for females (for the loss of 2 degrees of freedom) and 6-6 gain in deviance for males (for the loss of 1 increases with age and is significantly higher for people in classes IV and V. This class effect is evident after controlling for material deprivation since the deprivation score is also in the model. Married people report illness significantly less. The association with ethnic minority status in this analysis appears to be rather weak. This seems to suggest that deprivation is more strongly associated with illness reporting than ethnicity per se. However, we would not make this an inqualified assertion. It might be argued that the one tailed significance test is more appropriate for this variable, and on this basis, there would be evidence here for a significant association at the 5% level of probability for males, but not for females. It should also be noted that the pattern of variation of health between ethnic minorities may be variable between different ethnic groups. Since in many parts of the country, the numbers of individuals in the sample belonging to specific groups was very small, we have used a rather crude indicator of ethnicity, distinguishing between "white" and "non-white" categories only, and this may mask the detail of ethnic differences.
MODELS 4 AND 5
Models 4 and 5 include information about the SAR districts, using the information on factors and clusters to describe the district context. The inclusion of factor scores in model 4 has some effect on the individual level fixed parameters when compared to model 3. The effect of ethnicity increases in both size and significance (moving from non-significance to significance for females) but there is a slight reduction in the social class IV/V parameter. The district level fixed parameters (the factor scores) have additional explanatory power with respect to long standing illness, though with some differentiation between males and females. For males, four factors are of importance: factors 2, 5, 7, and 8. The first three of these describe different aspects of affluence and have a negative impact on the probability of illness. Interestingly, factor 5 previously showed strong negative correlation with male SIRs in SAR districts (see table 2). Factor 8 ("rurality") was also negatively correlated with male SIRs.
For females, factors 2, 5, and 8 have similar significant effects but factor 1 ("inner cities with large ethnic populations") is further associated with lower chances of illness. As would be expected, the inclusion of ecological fixed part variables reduces the intercept variance at the district level considerably, and more so for males than females. Therefore, it appears that morbidity is better explained by the socioeconomic typology of areas in the case of males.
Other studies of health differences have also shown a stronger ecological relationship with socioeconomic variables for males compared with females.6
In model 5, clusters replace factors to represent the type of area. Cluster C ("affluent semirural") was chosen as the reference cluster as it previously revealed the lowest average SIRs for males aged over 16 years (table 3) .
Clusters also show clear differentiation in illness rates between areas within the multilevel regression. Compared with cluster C, there is an enhanced risk of illness in cluster A, "manufacturing, north and central", and cluster F, "deprived, northern". These areas also showed the highest average SIR for males over 16 years (table 3) . Both clusters are mainly located in the north of Britain and may reflect aspects of the north/south divide.
Residence in two area clusters, D and H, also play a role in explaining male long term illness. These are the "affluent suburbia" and "middle sized towns" clusters which have negative and positive effects on illness respectively. The significant difference shown between cluster C and D was unexpected as both had similar average SIR (see table 3 ). Clusters C and D both represent affluent regions but cluster D represents more affluent commuting regions around London and other metropolitan hinterlands (see table 1 ). In this case there appears to be a contextual advantage associated with cluster D. The positive association with cluster H might indicate some urban-rural effect, but it may also reflect the fact that many districts in this cluster were in northern or central parts of the country. For females the likelihood of long term illness is higher in cluster G (retirement areas), in addition to clusters A and F, which is possibly a residual effect of age structure even though age is explicitly included as a predictor.
To examine whether the type of district has an effect on the relationship between individual deprivation and illness it is necessary to include cross level interactions between district attributes (that is, factor scores or cluster group) and individual multiple deprivation scores. MODEL 6 Model 6 (table 7) examines cross level interactions of the individual multiple deprivation score with area characteristics to test whether the deprivation relationship is dependent upon the type of area an individual lives in. This is the "contrast" approaching to assessing contextual effects but within a multilevel setting (see Robertson).32 In these models we retained only the significant factor effects shown in model 4. For males, the only cross level interaction of significance occurs for factor five, the "dual career affluence" factor. It was noted above that there was a significant negative covariation in model 4 between slope and intercept at the district level, interpretable as the more marked effect of individual deprivation on the chance of illness in affluent areas. Introduction of the cross-level interaction involving district affluence scores eliminated both this covariance effect, and the intercept variance. This suggests that the source of the covariation at the district level has been effectively modelled by explicit representation of area structure as a fixed effect, and in particular, its interaction with individual deprivation. The change in scaled deviance for males between model 4 and 6 is insignificant in statistical terms (that is, goodness of fit remains the same). However, it should also be noted that model 6 is more parsimonious (has fewer predictor variables) than model 4, so some improvement of fit occurred.
For females the cross level interaction term for factor 2 is significant. This is also an affluence factor, though with a slightly different interpretation to factor 5 (see table 1 ). There is a significant improvement in goodness of fit between model 4 and model 6 for women. The contextual effects represented by the intercept and covariance coefficients at the district level are also reduced in model 6 compared with model 4. The introduction of the cross level interactions had some effect on the fixed level two parameters; the impact of scores on the "affluence factors" two and five became larger in absolute terms, for both males and females. Thus including information on the interaction between individual and area characteristics has made the "district" effect on health difference clearer. In particular the sources of the negative covariation between slope and intercept at the district level (in models 2(B) to 5 for males) can be more explicitly quantified: the main effect of male individual deprivation increases the probability of long term illness by around three and a half times (comparing scores 5 and 0) but this effect is enhanced or diminished according to the score of the district of residence on the affluence factor 5; the greater the affluence of the district the more marked the individual deprivation effect, and the greater the deprivation of the district the more attenuated the individual deprivation effect. For females a similar effect follows from the interaction between factor 2 and the individual deprivation score.
Discussion
This paper has investigated the variables associated with reported illness for a. sample of individuals resident in Britain taken from the 1991 census. We have particularly focused on the association between health and individual material deprivation. While we concur with others (for example, Sloggett and Joshi'8) who suggest that individual variation is of prime importance in explaining health inequalities, we report here results suggesting some contextual effects are also significant.
Geographic context has been summarised here using factor analysis and clustering techniques to classify the 278 areas of residence identified in the SAR. A review of other studies suggested that population health is likely to vary according to area deprivation, urbanisation and rurality, and, in the UK, the north/south divide. Our classification of areas distinguishes areas along these dimensions.
A multilevel analysis has shown that there are areas where high levels of illness tend to be clustered and that this is not fully explained by the individual characteristics of the people of whom the district population is composed. Especially in the case of males, much of this clustering was associated with area deprivation (in more deprived areas individuals of all types had higher overall levels of illness). There is less evidence in favour of a contextual effect associated with rural as against urban areas, although the factor indicating rurality did show some negative association with propensity to report illness. There is also a contextual effect emerging from the present study which shows that the health inequality between more and less deprived individuals is especially marked in more affluent areas, rather than in more deprived areas. This emerges in two ways: as a negative covariation between slopes and intercepts at the district level in models without cross-level interactions, and in the form of significant interactions between individual deprivation and district affluence scores in models allowing such interdependence.
Alternative methods of assessing variation gave similar results, but with unclear statistical associations. Inadequacies in using tabular and separate regression analyses can occur depending upon how the data is structured. Tabular and separate regression models also assume that no autocorrelation exists within districts and this is also true for regression methods which include area level variables at the individual level. Humphreys and Carr-Hill2" describe this as an intra-area clustering of outcomes -individuals living within an area resemble individuals living in the same area more than individuals living in different areas. By assuming autocorrelation does exist and modelling it by allowing variation to occur at the higher level it is possible to explore area differences more explicitly. Our study showed that much of the district level variation seemed to be accounted for by area specific variables or by cross-level interactions between individual and district. In this type of study, it is possible that differences which appear to operate at an area level may arise because the compositional effects have been incompletely modelled. However, in our study, we noted an increase in area variation after individual level variables were included, suggesting that differences between areas are greater when the compositional effects of their population is allowed for.
Nevertheless, it needs to be borne in mind that the incomplete specification of individual fixed effects may have important effects on the interpretation of multilevel analysis. Some aspects of individual variation which are not measurable in census data (for example, income) might explain what appear in this analysis as area variations.
We report here analysis of over 68 000 individuals, being a 10% pseudorandom subsample from the SAR, designed to make the analysis manageable in the available version of the multilevel modelling software. An analysis using the whole SAR would be more statistically powerful, although the SAR is itself a sample of the total population in every respect. The significance levels associated with our results show those patterns which are unlikely to have arisen from chance variation between samples. It is, however, possible that other subsamples drawn from the SAR would have produced different patterns of association and this would be interesting to test in further analysis.
The finding of an apparently stronger ecological effect operating for males than for females, parallels findings from other studies which have shown area inequalities for middleaged males to be particularly striking. In this analysis it is possible that this is because the specification of individual characteristics used here is less powerful for males than for females. An alternative interpretation is that the effects of area of residence have a particularly strong influence on men.
It is interesting to speculate beyond the empirical evidence here to consider reasons why these dimensions of geographic setting might be important. Our study has shown that, regardless of their individual characteristics, people in more socio-economically disadvantaged areas seem to report more illness. Macintyre et all3 suggest that there are five broad ways in which socio-environmental factors might influence health for all people living in disadvantaged areas. They suggest that physical features of the environment such as air and water quality and climate may be important. The effect of the domestic and working environment in the local area may also have an impact. They also suggest that one should consider the provision of services including health and social care, and educational quality, as well as socio-cultural features of neighbourhoods and the reputation of an area which may affect psychological health and morale. The operation of such factors are illustrated in a comparison of two areas of Glasgow. In a similar vein, Phillimore and Morris34 discuss a range of factors which might account for the differences between mortality in wards in Middlesbrough and Sunderland. They suggest that environmental pollution is the most likely differentiating factor between the two areas.
Various possible reasons could also be postulated for the relatively strong differentials in health between more and less deprived people living in relatively affluent areas. The effect may be a statistical one, resulting from more extreme differences in wealth between individuals in more affluent areas, so that stronger socio-economic inequality is reflected in clearer differences in health. One possibility is that individuals with low deprivation scores in more affluent areas are in fact extremely affluent and that the deprivation score is not adequately representing the difference between these very rich individuals and deprived people (a "floor effect" in the representation of affluence by a deprivation score). This 
